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Conclusions:
“

— Within the MSSM, certain classes of FCNC’s (e.9. B = pp, T — 3u)
can be mediated by neutral Higgs boson exchange.

— These FCNC'’s can be large and may be detected before the LHC

turns on, and even if SUSY partners are unseen; BR’s scale as
tan® B!

— These FCNC'’s decouple differenti than all other SUSY-induced
FCNC’s and are not appreciabl
mixing amplitudes.

onstrained by meson—anti-meson

— These FCNC’s may provide important clues about method of
communicating SUSY-breaking even before we see a single
superpartner! '
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Why are there Higgs-induced FCNC’s in the MSSM?

The MSSM 1is a type-1I two Higgs doublet model.

Separate Higgs doublets give masjeito each type (u,d) of quark

so that Higgs couplings are alway my. =9 NO FGN‘ .'
Gersio,

W = Q‘YUUHu + QYdDHd + .- wWenw3set

Type-1I models are protected frorzuilangerous QuH) and QdH;;

couplings by a parity: H, — H, while Hy =& —H.

‘“f\:. W=-...+ P‘W“Hd
In MSSM, parity broken by u-terrn*s.

@® The MSSM'is a type-1I model.
SUSY doesn’t need a parity to protect against dangerous
couplings — it has holomorphy!

® The MSSM really isn’t a type-II model.

Once SUSY is broken, holomorphy fails. Without a parity,
nothing to protect against dangerous couplings.

Clearly, dangerous operators musd $cale as ~ uMgysy-
S
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SLIGHTLY MORE |DETAILS . .

Do the dangerous couplings get generated in real models?

In 1994, Hall, Rattazzi and Sarid examined weak scale corrections to
Yukawa coupling unification. At large tan 3, biggest corrections to
Yd,s,b come from the QdH;; operator, generated by:
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Even though the effect is formally 1-loop, LARGE tan 8 CAN

— O
OFFSET LOOP SUPPRESSION!
e — e ——

(Similar diagrams exist for dm¢ but they are suppressed by 1/ tan ,8.)

Shortly after, Blazek, Raby and Pok
and showed that large corrections t

ski put in full flavor structure
KM matrix could be

generated.



H1GGS-MEDIATED FLAVOR-CHANGING NEUTRAL CURRENTS
e \

Begin with the effective Lagrangian in interaction eigenbasis: D:rsaacae
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“2-L00P gFFECT
For universal-ish SUSY-breaking ‘qkasses, €2(C) ~ teg /4.
e ¢; and e2(C) generated even for completely universal soft
[_J
masses: (UNLIRE K-, ade.)
e However non-universalities required to get e2(g) are very
generic. For GUT, typically —1 N

e L

€2(g) present even when A-terms are suppressed.
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Keeping only y, and y; (and skipping lots of boring algebra)

mb = Ypvq [1 + (€1 + ezyf) tan ﬂ] Hauw ,?mm%*e(‘ Srean

Vb = V2 1+ ‘Mt‘mﬁ Buazer, Racy, Brasr
o 14 (e + e2y?) tan 3

emp FOr €2 = 0, no change in the CKM elements corresponding to
no new flavor-changing.

==P$ But Yukawas/quark masses still shifted by non-zero €p-

Effective FCNC Lagrangian:

mpVy - —
Erone = V2ug4 smIBXFC [thw H‘ ws?ﬁl’]

X (cos(ﬁ — a)h® # Fin(ﬁ —a)H® + iAO) + h.c.

where

—egy? tan 3
(1 + €1 tanB) [1 + (e1 + ngtg) tanﬁ]

and all quarks are in mass eigenbasis.

Xrc =

® Check #1: as e2 — 0, L pone — 0.
e Check #2: as m 4 — oo, contribution of h° goes to zero. (‘x..(s -':I)



We have generated a b RSL® coupling. V\mere can it appear
experimentally?

BO‘—)M BAGO,(K
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Effective Hamiltonian:
Gr _ .
H= EVM/ Vis[C10010 + Cq, Q1 + CQ,Q2] + h.c
with
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where C;4 is Standard Model and | Lacxe TAND, LARGE wma S
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Absence of BY — B° mixing potentiT[ry important. Most SUSY
FCNC decays come from boxes:

‘; ya N e N N N L u
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~ i=u,c,t
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But then there is also mlxmg
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u,C,t ; u,c,t ~ th Via f(m3)
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But here
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------------- ~ Xrc
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ds ¢ iz =

Thus absence of mixing does not imply absence of other FCNC
signals!



Things you should know about B —» L

® In the Standard Model, B(Bg,s = pp) = 1.6 x 10~19 and
4.3 x 1079 (via GIM- and helicity-suppressed penguin)

‘@’ Experimentally, Br(B?d s) — BH) (< (6.8,20) x 10~7 at 90% CL
(CDF)

® Relative factor of 3 from relative o at Tevatron for B, : B,.

‘® But theory predicts I's/Tq = (Vis/Vig)? ~ 25, so signal in B,
first.

‘® With 2 fb~1 of data in Run I1, a bound of (% —1) x 10~7 can

be obtained. Perhaps another order of magnitude when going to
15(30) fb—1, (S«. Arnow Tt BT L}

= Lots of room for SUSY to be found at BR’s above SM] .’
prediction!
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GENERAL RESULTS

Simplest case: all SUSY masses degér*erate
Mg = M= A= ‘N\% = ANYTHN G
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What are requirements on model for‘lb.rge B — up?

¢ Large tanpg

e Small(ish) m 4

e Large u

e Gauginos NOT much lighter than squarks
AND at least one of:

@ Large Ai(mz)

@ Large br—dr, splitting/mmua

B — pp does NOT decouple as Mgyky — oo, but as m4 — co. This
is unlike other rare processes (b — sy or (g — 2),, for example). Thus
there can never be perfect correlationsg between B — ppu and other
observables. However correlations can be found in specific models,

such as the CMSSM.
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Some sample models:

mSUGRA /CMSSM:

e Lots of running typically generates large A¢(mz) and large
squark splittings. )]

e Defining M3 > 0, then sign(e1) jis sign(p).

e IR pseudo-fixed point of A; dri
—sign(p).

s it negative, so sign(e2 (C~’)) is

e Third generation squarks splitj(i be lighter than first two
generations. Thus sign(e2(g)) is sign(p). Thus gluino

contribution usually interferes with chargino contribution.
|

- * B — pp maximized for p < 0 because of cancellations in
denominator of x .-

e But at large tan 3, mSUGRA nﬁdels greatly prefer 4 > 0 to
avoid large negative contrlbutlo*xﬁ to (g — 2)u.

leptons.

=§ Still, for » > 0 and tan 3 2 25, range of Tevatron for finding
B — pp larger than for finding tri
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GMSB:

o Predicts A ~ 0 at messenger scale| M (€3,
e Predicts m;j = ms = mj also at M )

e If M is low, then running has no chance to generate A-terms or
squark splittings. SN

Generic GMSB models DO NOT predict much of a B — o
signal beyond the Standard Model. ,

e Conditions for a signal:

1. Large messenger scale M to generate lots of running helps,

since running generates A-terms and mass splittings.

2. Large N (# of messengers) helps a little by increasing
Mgaugino w.r.t. Mgcalar-

Baek et al find that if Run II sees
and M < 1019 GeV is ruled out,
tan 3 < 50 is ruled out.

any GMSB model with

AMSB:

e Baek et al find AMSB models alsg Tuled out by B — upu
observation in Run II.

— up, GMSB with N =1

e Our calculation for AMSB not done, but early results contradict

this. Difference is probably in details of the b — sv calculation

which acts as important constraint in AMSB models.
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Flavor-Changing Neutral Currentj in the quark sector are “morally

equivalent” to charged Lepton Fla or Violation (LFV) in the lepton
sector. I | ' '

® We know vFV exists (v-oscillations) but in SM this shows up in

charged leptons suppressed by (m,, /Mw)™. Way small!

In SUSY, charged slepton flavor Molation easier to arrange: can be
encoded in non-diagonal slepton masses. If LFV is O(1), LFV is
only suppressed by (me/mjz)™.

But lack of large FCNC’s in quarks probably implies mass
universalities that probably apply to sleptons too.

Let’s assume that v’s get mass tlHough a seesaw with a heavy vp
(Mg ~ 10415 GeV) and at Hast one y, ~ O(1)

Mass non-universality in squarks
the large y;.

srmeaks back in throﬁgh RGE’s and

Mass non-universality in sleptons sneaks back in through RGE’s
and the large y,. BUT only at Q2 > M%!

Well-known in 7 — p~y. Does it gH\erate Higgs-mediated LFV?



' 5|utﬁ9
Reminder of 7 — pvy: (just like * piece in b — sv)

HL: HtsA—ﬂo + Mmeany
1 |~ (A
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Where does the Am2 come from?
¢ Tewac FlAder

p d SNROVRE
— dlog Q (mg)ij - (dlogQ (mg)”)MSSM

9 "‘ "' 2 Nd’t:&mmf
+16_7'('2— [mEYV Yu +Y, Yumg
+2(Yim2 v, +m% vy, + AbA,)] n
So, mass insertion is: Tace AxY
log(M/MR) ~
2 ~ 2yt ey 1 — T
(Ami)ij - 1672 (GmO(YL Yo)ij +2 (AVAV)ij _i(YV Y”)ij
where |
What is M?

Worst case: MguT.
Best case: Mp; = log(M/Mpg) ~ 10.
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What dg we know about Y, 77 4

With large mixing in 2-3 and 1-2, Tmost popular” ansatz for mass is

€ € €
my X e 1 1

-
e 1 1
@® If Mp x< 1, then m, Yo,
® If Mg ~ 10 GeV, then (Y, )33 =~ 1

® In many GUTs, predict (Y, )33 >~y ~ 1

Another option: inverted hierarchy ‘\ansatz

(More on this later. . .)



HIGGS-MEDIATED LEPTON FLAVOR CHANGING
Write an effective Lagrangian: ‘(fp#s-r URE  Bayra)
£ =ERYpELH] +ErYg (11 + 2Y]V,) ELHY* + h.c.
-

At 1ow scale, Tio explicit Y, can ajﬂrarsince Mg > Mgysy, but can

appear as log-enhanced Am; mass insertion.
o
S Ep !
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E V B= 2= plubifa(My,my me  mg )
S OPAPRAA
= .
A
# ' 2 2 2 2
E .'I \\ ER — €2 X JF?;E“le?(M]’mZL,m%L’” )
AR -
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L
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E / v Eg ; €2 = wsﬂMi’.fi’(Mz,mal,mpTaI‘ )
Y
Wiy
H, -
A
F . 2 2 2 2 2
EL ':' i ER » €g €NM2f2(M2’mZLvm;L7” )
—’_%OU.—:—)%L—‘_ =
W _+Hy Hp
I-IU
where 1 1
f2(a’aaa’a) = Ea_z, f2(a'abab’b)'b<<a = m
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FLAVOR-CHANGING TAU DECAYS

Some algebra takes us to effectl\x Lagrangian for LFV Higgs

couplings:

(2G2 )1/4 m-rngg - (TrRpL) ncps(ﬂ — a)h — sin(B — oz)H0 — zAO]

where
» € ) 1~(oop
Kij = — t: 2 (YJYV) ) .'“v,—a"“‘””‘f
[1 + (1 + €2(Y, Y. )33) tan B} * (2 Leops f

A LNRGE CaoGg
(Lagrangian for (Tgrer )-Higgs deHved by K32 — K31)
Then 7 — 3u:
TN R HW A

&
i\ AN

(in large m 4 limit where a = 8 — 7/2).

For p = My = Ma = m; = mj, Mg = 101 GeV and (Y}}Y;)s2 = 1:
then
=l eg ~4x1074

and

234 y

> 6 4

Br(r — 3u) = (1 x 1077) % \(tanﬁ> x (IOSnGeV)
A

Since B-factories are also 7-factories, BaBar and Belle should be
probing the applicable range oveﬁ”&he next couple years. LHC and
SuperKEKB will have more than 10° 7’s.
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T = \

n N
n o -

For inverted hierarchy ansatz, 7 — 3u is tiny but now 7 — eup can
be large thanks to large (Y,,Jr Y, )1s.

Can also observe u — 3e (despite \t#ny electron Yukawal!):

t 6 4
Br(u — 3e) = (5 x 10™14) x (i%F) X (mOGeV) x (Y1Y,)?
6 ma 21

But from u — ey already known tMst (roughly) v
| wmalees ¢

2
L myg ’
Y)Y, )21 S 1072 ( B ) « ov
( )21 3 “\ 100 GeV \nerdor .

But if observed, may be ONLY way to reconstruct electron Yukawa
coupling.

T — 3u and p — 3e can also occur\ Jvith Higgs mediation — take

photon off-shell in 7 — py or p —ley:
B 3
—xy BT 238 g3, ri = 3¢) L 0.006
Br(r — py) Br(p — e7)

Any significant deviation from theﬁrratios would be sign of new

physics beyond canonical SUSY sources —> Higgs mediation!
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Lessons from 7 — 3u and related rare LFVs:

Lots of information about v-YukéH;}d and vr Majorana mass
matrices encoded into BR’s. May be hard to decipher but many

models could be ruled out with even a single observed rare
decay.

SUSY masses entering calculatioﬁ are generally simple to measure
directly (slepton & gaugino #sses, p-term, tan 3) so
calculation can be compared easily .and £ YJ Y, extracted.

One should expect a (model-dependent) correlation between these

processes and (g — 2), and perhaps b — sy. And of course
T — py and p — ey.

Like B — ppu, observation would probably rule out low-scale
gauge-mediation (or low-scale mediation of any sort). Requires
high-scale mediation but otherwise has little apparent

dependence on the type of model (mnSUGRA vs. AMSB, for
example) |

* * These are (unique?) windows on the Yukawa coupling of the light
leptons and even the neutrinos.
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